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Background/Objectives.   
Non-aqueous phase liquids (NAPL) present below the water table will undergo natural depletion 
because of ongoing dissolution into groundwater.  The NAPL Depletion Model (NDM) is a 
screening-level model that was developed to simulate declining source strength trends for NAPL 
source zones based on naturally-occurring or enhanced dissolution.  NDM is a public domain 
model and is available for download at www.porewater.com.   
  
NDM was used to simulate LNAPL depletion at a former xylene processing plant in the lower 
Rhine area in Germany, over a period of 4.5 years during operation of a groundwater extraction 
system.  Schafer and Therrien (1995) previously used a sophisticated three-dimensional 
reactive transport model to simulate the xylene plume derived from a residual LNAPL source 
zone that is approximately 120 m long and 70 m wide.  Based on their modeling work, Schafer 
and Therrien (1995) determined that vertical transverse dispersivity and the LNAPL penetration 
depth into the aquifer were critical parameters which influenced the simulated source strength 
(and thus the rate of LNAPL dissolution).  This is consistent with the occurrence of both surface 
discharge (Mdsurf) due to dissolution at the lower LNAPL surface, and through-discharge (Mdthru) 
as groundwater flows through the LNAPL zone (Figure 1).  
 
Approach/Activities.   
NDM was used to compare the relative magnitudes of surface and through-discharge for the 
xylene LNAPL source zone based on an alternative conceptualization, using a much smaller 
transverse dispersivity value (0.22 mm) based on the regression equation derived in Carey et al. 
(2015), and a larger effective thickness for the LNAPL smear zone (1.7 m, versus 0.17 m that 
was used in the original study).  The thicker smear zone is consistent with the large drop which 
occurred in the water table elevation over the remediation period, during which significant 
xylene dissolution was still occurring. 
The simple 1-D screening level model (NDM) incorporated 20 grid cells, to allow for simulation 
of the influence of depleting source zone length on the dissolution rate.  The observed mass 
discharge was estimated based on data presented in Schafer and Therrien (1995).  An 
exponential decline term was derived to represent the declining through-discharge rate based 
on the observed decline in water table elevation (Figure 2).  Calibration was not required for the 
NDM simulation because input parameters were site-specific, or estimated with regression 
equations based on hydraulic conductivity (e.g. Carey et al., 2015). 
 
Results/Lessons Learned. NDM was demonstrated to be a valuable tool for improving our 
understanding of site factors which influence NAPL depletion, refining the NAPL architecture 
characterization, and for comparing the relative benefit of enhanced versus naturally-occurring 
NAPL dissolution.  Through-discharge was shown to be initially the dominant dissolution 
process, with declining influence as the water table declined.  


